Differential effect of phosphorylation and substrate modulation on tau's ability to promote microtubule growth and nucleation.
The neuronal microtubule-associated protein tau promotes microtubule assembly and has been implicated in the development of axonal morphology. To study the effect of phosphorylation and substrate modulation on tau's distinct activities to promote growth of existing microtubules and nucleation of new ones, we phosphorylated bacterially expressed human tau by cAMP-dependent protein kinase in the absence or presence of heparin, an acidic substrate modulator. We found that heparin increased phosphorylation of tau by a factor of more than 2 and produced tau bands with decreased electrophoretic mobility. We demonstrate that phosphorylation of tau in the absence or presence of heparin similarly reduced tau's activity to promote microtubule growth, whereas tau's activity to promote microtubules was suppressed much more after phosphorylation in the presence of heparin. Using recombinant tau fragments we showed that heparin-induced phosphorylation caused a specific shift in electrophoretic mobility indicative of a change in tau's conformation. By aminoterminal sequencing of a tau fragment starting at residue 154 we provide evidence that phosphorylation of serine 156 is responsible for this mobility shift and for the effect on tau's nucleation activity. We conclude that tau's activities to promote growth of existing microtubules and nucleation of new ones are differentially affected by the phosphorylation of specific tau residues. Regulation of the phosphorylation state by substrate modulation may play an important role in regulating tau's function.